Abstract: Cytotoxicity is one of the most important problems in medical metal materials. Effect of different dental alloys on cytotoxic of L929 cells was evaluated by in vitro cytotoxicity-test (MTT method). Metal ion concentration was one of the factors leading to occurrence of cell toxicity. Thus metal ion concentration in cell culture fluid at different intervals of immersion periods were detected by inductively coupled plasma mass spectrometry (ICP-MS). For different medical metals, RT-PCR method was also used to analysis mRNA expression of L929 cells'caspase-3, caspase-8 and caspase-9. The results indicated that MTT test found little optical density (OD) value difference for different alloys at different time points. The cytotoxicity of Cu alloy group was Grade 4 and those of other groups were all Grade 0 after 48 hours culture. The mRNA levels of caspase-8 had no change in all groups. The mRNA levels of caspase-3 and caspase-9 were as follows from low to high: Cu alloy, the negative control and Au alloy, Co-Cr alloy, Ag-Pd alloy,and Ni-Cr alloy after 48 hours' culture. It is concluded that metal ions of the studied dental alloys may induce cell apoptosis by different degree through mitochondrion pathway. Apoptosis related genes expression of L929 cells was affected by ion concentration in cell culture fluid.
Introduction
Corrosion inevitably occurs when dental alloys functions in mouth, which would increase the metal ion concentration in oral environment. Ion accumulation may lead to occurrence of cell toxicity. In vitro cytotoxicity-test (MTT method) was one of the important and effective methods to evaluate the biocompatibility of medical materials 1, 2) . L929 cells were widely used in MTT . HuangTH et al studied root canal filling materials and pointed out that Ca(OH) 2 coupled with Iodoform was a better selection 4) .
However, MTT method was influenced by many factors such as cell types, number of cells, culture time and detection wavelength 5, 6) . Clifford and Dowwes 7) found that the repeatation were not good when applied in orthopedic surgery materials. With the rapid development of molecular biology, the mothods of the biocompatability study of biomaterials have been more and more diversification and their evaluation have been raised from the cell level to molecular level. It was found that cell behaviors were affected by surface properties of medical materials by molecular biology 8) . RT-PCR was proposed and widely used to evaluate cell toxicity. On the other hand, cell toxicity was impacted by metal ion concentration or accumulation in oral environment. The purpose of the paper is to study the effects of different dental alloys on cytotoxic and apoptosis related genes expression of L929 cells. ICP-MS was used to analyze the impacting factors related to cell toxicity.
Materials and Methods
Cell lines L929 were cultured in RPMI1640 medium containing 100 IU/mL penicillin, 100 mg/mL streptomycin sulphate and 10%
(vol/vol) fetal bovine serum (FBS). Then, the cells were maintained at 37 with 5% CO 2 in air in a humidi´ûed incubator.
The cytotoxicity tests were carried out by indirect contact. The dental alloys including composition used in our experiments were summarized in Table. 1. Extracts of the five dental materials were prepared using RPMI1640 medium containing serum as the extraction medium with the surface area of extraction medium ratio 3 cm 2 /ml in a humidified atmosphere with 5% CO 2 The OD values were analyzed by SPSS V13.0 software.
The mRNA expression of cells' caspase-3, caspase-8 and caspase-9 were detected. Total RNA was prepared using a PCR kit (TAKARA ver 3.0, China). Amplification by PCR was started with an initial incubation at 94 for 30s, and then 55 for 30s
and 72 1min for 30 cycles. Primers were designed using the sequence information as shown in Table. 
Results

Fig.1 shows cell growth curves of L929. The results of three
independent experiments groups exhibit good consistency. It can be seen that the difference was not obviously when less than 4000 cells were cultivated in each well. However, the OD value was decreased when more than 7000 cells were cultivated in each well.
Thus the cell concentration used in our experiments was 6×10 4 / ml.
The cell growth behavior was observed by optical microscope.
It was found that the cells grew well except these in group E. Table 4 determined by gel imaging system (Alpainnotech chemi Imager, USA). The mRNA levels of caspase-3 and caspase-9 were as follows: . The difference between Sequence of primers (5'-3') bp . Chou et al 9) indicated that the special nature of materials affected the cells regulation. Li Ning 10) observed that molecular biology experiments such as total RNA extraction were more sensitive than traditional cell experiments in cytotoxicity measurement. Shinya Kato et al 11) reported In the paper, it was concluded that the detection of materials effect on cells on molecular level by RT-PCR was more sensitive compared with that on cell level by MTT method. The effect of five dental alloys on the mRNA expression of caspase-3•Acaspase-8 and caspase-9 was studied. The expression of caspase-3 and caspase-9 was increased which means poor biocompatibility of materials. The cytotoxicity of Cu alloy group was Grade 4 while the expression of caspase-3 and caspase-9 was decreased. The reason was that most of the cells in extraction media of Cu alloy were necrosis and late apoptotic cells. The same result was reported by Domina and Emanuele et al 12, 13) . The expression of caspase-3 and caspase-9 was increased while that of caspase-8 kept unchanged, which indicated that the alloy could lead to apoptosis and might be related to mitochondrial apoptotic pathways. The results displayed that precious metal alloys, inert metals or metals which can easily be oxided to form protective film exhibited better corrosion resistance. Thus the expression of 16) showed that Cr VI induces apoptosis at low concentrations and necrosis at higher concentrations by damage to the cell cytoskeleton. Ni almost exclusively induced necrosis at 500 uM with very few cells undergoing apoptosis. To further investigate the relationship between apoptosis and released ions of different alloys, ICP-MS was used to measure ion concentration of alloys during the immersion in cell medium for 7 days. The result was displayed in Fig.3 . Ion types and total ion concentration were adopted to evaluate the biocompatibility of the alloys. It can be seen that more Co and Cr ions were released into the culture fluid.
The ion types and total ion concentration were adopted as the important factors to evaluate the biocompatibility of the materials.
Total ion concentration levels at 7 days were as follows: A C B D which are corresponding to mRNA levels.
These investigations clearly demonstrated that it is more sensitive to study the affect of five dental alloys to L929 cells on molecular level than that on cell level. Metal ions of five dental alloys may induce cell apoptosis by different degree through mitochondrion pathway. The mRNA levels expressed by caspase-3 and caspase-9 were as follows from low to high: Cu alloy, the negative control and Au alloy, Co-Cr alloy, Ag-Pd alloy, and NiCr alloy after 48 hours' culture.
